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ON Toly prOsLil Cr fub 6T0R [hars bATUVE GV RCGTH OF ALLOYY

=
=
od]

by I, Delhtyar
Laberatory or Fetullevhysics
Aesa Lel, Ukr, aal, Klev

oubmitted 6 Dee 1949,

vhere ave aome atiem-to in yeeent vechnieal literaturs to find ihe physical
rrinelples o nbtelning nealemresivta t alleys, ¥, tsinev /17, ror example,
siter anal; wdng so=called N(i)=eirves Ler glohie~ and panma=iren, exrleoing the
EFFu.@r heateresistance ol puane=selld solutions; a-d tide exrlanetlen ig 4in

4

arreemncnt with & excerdment, ls reasoning iy es Lfellews,

Tn eomparing the (b)=eaves tor oliha= and cwino=1ren, it s noliceq
tont e eurve Jar slphe-iven iz Lleeated hipher than Lhat Lot pumma-lyen in
o certeln delinlte ronge of encrgles, luwdng e Lormetlon of solid solutions
Lrow transitionol clements the peneralization oi li(li)=curves takes place, und
the resulbuet curve, bogieslly, wreswrves tie characler of bthe initial H(L)=-
eurves neeullar to either wloha= or pansa-iren, since this chorscter iu chilefly
determined by the erystol syametiy wnd notuve ot the solvent.

Tiy tor lesbunee, the elements to be fused possess o came-laiiieo (addition
of i to Fu), tihe generalized M(E)=enrve will ditfer very litble from the ()=
curves ol the comionsnbs, ond, during plastie deformation, external conditions
will not vroduce ooy essential change in distribution and energy of clectrons H
the b&nd will be  redominantly of a metallie nuature,

Pub Lf chromiwn, whose N(E)=curve is close to the ecurve for aloha=iron,

i added 1o gamma~iren, elecbrons will mostly locwlive nesr the atoms of the
solvent, considerably strengbhening the bond, whieh in this case, 1s esventially
difterent from a metallic bond,

In close connection to these conclusions are the data obtained by the author

in his investipation of diffusion in certein alloys o:d the data on seli=

difrfusion /2=li/,
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CAnalysis of Lhese dota (Tgble 1) showes thal it is possible to assume == with
a suificient degroe ol accuraey =« the pnergy ol asetivation rer self-difiusien
Lag rroportiensl te the enerpgy of bonding !«h. For metals with & eoordination
ngaver 2 5 12 the crovortionality ceelfieclent is k & 0,68 jand Jor metals with
7= b, k & 0,55, Caleulation of data on the lnvestization ol éiffusion in
aloha=sal i golutiens Cu=in, Ag=Cd and Ap=4n shows Uiat the same relatien exlsls
hetisen ’;”a u €l 1;" In Luis case elso,

Cop arignn of data Uer the ¢rergy of acliveclen uson geli=diffnaien and the

enavgy ol setlvation fnr ereeo /5 7 at nigh bcsmrfe%urng demonstrates that tnega

valueg ctiﬁcmc within the limlts of experdaental ervoe (Table 2),

iable 1
Metel I, in by, in k= .;“;.:rmal " [C 'J:g'
lreal/p=st  keal/o-at

po 21,68 (21 7.8 0.5 Cu s1.0 (3 e 0.2
i 29,95 () Wiy 0.63 Al Li6eh (3) Oynitd 0.6k
o oares (30 a7 053 I s (3) 5500 0466
TR IN © B 056 y-re koo ) g0 0.
a6z (0 eaun o8 aeve 70,0 oo 0.3
oo sree €1 G 0,70

Table &

P hebal (alloy) n cd Bl : Al , cu e Aip'na-bmss l

E, (self-difiusion) !
in keal/g-at 17,6 17,8 3040 | 37,5 §7.2 78,2 ERILY
E, (Lor ereep) l
in keel/g-at 16,8 15,21 20,0 3740 i §6.0 90,0 L2.0

3ince Ea & k}f.b, it may be concluded that the near values of sctivation
energies in what first appear to be different processes, show that, obviously,

the mechanisms ol these nrocesses are ol similar charactey, ad also prove

- P .
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the rossibility ar eensidering tie netivetion energy oolainea for dirfusion
as a epiterion for the heab resistance of a plven alloy,

Tt should ve noted that heal registance is ennditiened by many other
factors whieh are diffiealt of eonsideration for the time being. On the
other nand, tue activation energy, obtainable rrom dala on he investigation
of giifusion, may be analitatlvely related to we shape of (i) curves for
aetels or slleys, I should elvays pe reaenoered that, »ilh Lne same nunver
ol elenbrons rer atam and the sane cocrdination number for toe netale to be
eom ared, & lower bonddng energy correspends te a hipner value of mmgx(u) and
inversely. Clitg mey ve illustruled by followlng exanoles,

The N(L)-curves Lor silver and corver, jreaerted in Flpure 1, shew that

L (k)ow < 1 (E)AL (in the Llimits of the 1irst Arilluen zone) and

|
MIENS
E(tu) 3> BCAL)e AL Uhe same Llme, the enerpy of uctivation for seli=difiusion
of couper Lo grester then thou lor gilver (see Taile 1)

Ly ceriments demonstrated ['6_7 that durin. the diffusion of molybdenum
into alpua= end | anna=iron Lhe eneryies ol vetlvalinn ave ginilaer in both
cases and emel to ~58,500 ¢sl/p=at, althouph the diliusion goelficients
dirfer considerably.

The meehanism of diffusion is similar foi both ulpha= and pomma~golid

solutions, But due to k the bonding eneryy in the pammp=solid

alph>a kba ima’
golution is grester than thet Lor the alpha-~golid solution ot eomal values
ot Ea‘ Phis 18 in agreement with the voneepblon of the resonance of W(E)=curves
(..

Fperiments for the diffusion of nickel into gemma=iron [7?;7 and chromium
into gemma-iron /8_J showed that, in the first case & = 67 keal/g=at, and
in Lhe second case Ea 8 112 keal/p-at. Density of states on the M( k) =curve
for pamma~iron is lower than that for nickel near higher levels. Therefore,

upon addition of 8=9% Ni to pamma~iron, the density of states will decrease

somewhat and the bonding energy of the gamma-golid golution will grow.

-3 -
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Taking inte considerailon that the bends in this case are rredominantly
oi' metallic enavacter and aocepting k # 0,65, we obtain for the bending
energy of the alley a value ~100 keal/g=-at, whieh ia grester than the value
for the hording energy of iren (9L keal/g=at as incicaved in Table 1),

An entirely dirferent situation 1o ebserved in the case ol diffusion of
chrondum (238) Lnte gawmma=iren, Chremiuin has an l(l)=curve near te that of
alpng=ivon, Addition of ~i% Cr te gomma=iren glves an insipgniiieant reson=
ance und, as & result, a great nnnuﬁifﬂfnaty in uhe diotribution o1 electrons
is crected, causing & consldersble dnervage in the bending energy of the
pamna=solld gelutdian wnd, condequently, an lnereuge in the energy of aclive
ation durdng daiifuslons Uhis 1a correborated by experiment /6 7,

The sipnlidesnce ol the data obtuined in the investigation of ditfiusion
in alleys for clariticution ér ihe ereep mechanism, ls aulte obvious,

Inveatigation ol the 'recegy of sell=-diitusion and diirusien in alloys
reveals thot the most pegslble nechanism eppeusrs Lo be an occupation of
vucant pleees in the lotidce by diffusing atoms. If thls is the case, the
role of such vacant plaoces must be consldered in explaining the creep meche
anism, remembering the factor ol avproximete equality ol the enerpgies of
acbivallon in diffusion und ereep. 'The number of these vacant places depends
on temperaturc.

The rute of the creep process will obviously depend on the rate of forma=
tinn of vscancies and on the charscter of their distribublon as well as on
the rate at which they asre filled with adjacent stoms. Consideration of

these factors will permit clorificaticn of the mechanism of creep.
Laboratory of Helballophysics,

Acudemy ol Sclences of the Ukrainian S38R, Kiyev.
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